


THE GEOLOGY OF SnNow CANYON

by Mirium Bugden

he stark infensity of Snow Canyon State Park’s colors, lerrain, and

vegelation credle a surrealistic flair 1o one of southern Uiah's most
striking recrention arcas, Snow Canyon's scenery reminds us of the canth’s
past when extensive river systems meandered through Ulah, desert sands
enveloped the lands, and volcanic eruptions scorched the earth with hol
maolten rock. Kemnants from these spectacular events in Utah's history are
preserved in the park’s landscape. 'With a litile imagination, this brochure
will help you see how elements of thase ancient climates and lands are
recorded in the rock walls and how slow, constant nafural processes
conbimue 1o alter the park’s facade




GeoLoGic TIME

eology, or the study of the growth and development of the carth, can
as confusing as physics, astronomy, chemistry, or any other scicncg
ith language and concepts of its own. One of the most bewildering
pspects of the carth’s history 1= understanding and thinking in terms of
geologic lime. Geologists seldom think in terms of years, decades, or even
centurics. Instead, they contemplate events that occurred millennia and
BEONS AR,

Like growth rings revealing a tree’s age, different layers of the
carth’s crust represent lapsed time, past climates, and ancient environments,
Adihough rocks are “dated™ through vanious methods, they ane ofien
assigned relative ages by their position in relation o surrounding rocks,
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In Snow Canyon, for example, we know that the black rocks
(basalis} are yvounger than the red and white sedimentary rocks because the
basalis are always found on top of the sedimentary rocks. From the highesi
elevation in the canyon to the fowest, the rock walls steadily increase in age
The oldesi rocks in the park are in the southern section where erosion has
cut deeply into the ecarth, exposing rock layvers of the Kayvents Formation

THEe Canvon Rocks - OLnesT 10 YOUNGEST

Creologists reconstroct the story of the eanth’s formation and
evolution through carelu] examination of rocks and the “clucs™ fossilized
within them. Each grain in a sedimentary rock, for example, has been
altered by the environments through which it passed. I properly deci-
phered, clues like textures, minerals, grain sizes, degree of sorting, round
ness of the grains, and honzonal and verical changes in the rocks allow us
to reconsirect ancient climates and environments that formed the rocks and
shaped our modern scenery.

" Figure 4. Throe peneral classes of rock
{' ) 2 ary (A) sadirmamiany, (8] malamonphve
. and (G and D) igneous. [gndous mocks ane
.E divided info (C] extrusive, and (D)
Mruane. Extrusiig rocks soo onio the
Savin's Surace and ang us L.':T'-'}' FTICHTENT, (W
fow onfo the growsd bafone they cool and
sphary, Volcanis Bvas and axirushe
Infrusves arg IT-"-"J\I"l'II'E:'I-'-':-‘ e same as
axirussns bul ihey cood and solaWy bafon
reaching the suriace, Aflar coaling and
salgidfyang, eroson of the ovenhang rocks
fauiting, or olher upward foroes baing
imirusive rocks o the surface Set.'-ﬂ'rnnrar:.- rockS o wihen Dariicias Sccurmuiale in an
o walor and svontualy cemant logether,. Mefamonphics ane sedimeniany or gneous rocks
ihal have bawn changsd by axposine [0 infenss pressures and fempecaiurds




KAYENTA FORMATION
190 1o 183 Mvion Year Oun Rocks

Figure 5. Looming ke a semiingl over the fown of hans is fame-colored’ Red Mowniain
Gonile, reddish-orange slopes of e Kayenta Fornalion fanm i raemp thal laads fo e
LS Rrrmidmivg e Whan hiding, ook ciosady 81 ihesg Siopas and pou wil see
lExtures and characiarishics visibie ¥ sands and silts of modern rivers, As waler ows ovr
sociimanis o e Boor ol e, Clrnenls algn [he Sedimeils /1 I0ng, SINUOWS MOges cated
fpple marks. Fossilred rpple marks can ba found n Kayenia Formation slopes. Waloer
achion also forrns srnall- o madium-sized cross bads. Thase can be SO0 IroUGhoul e
Marvinald Formation. O & NMEOF 0SS Wi walgr nas ool new Dains, and moad
cracks are also presant buf move cifoult o frd

——

E. cilimentary rocks of the kaventa Formation {refer to lower Jurssic

rocks in the !_'c|:|;r.,||i_r-;|,! !_'n_'n||r!_1|'q; time chart, |-I;.|:II!|,' v page 2% are the oldest
rocks in Snow Canyon State Park. Between 1'% and 183 million vears ago,
|.|r!.1l sillt, mud, and sand-bearing nvers meandered through this part of
LUtah. Surrounded by the emding continental craton 1o the north, the
Ancesiral Rockies 1o the southeast, the Mogollon Highlands in the south,
and the coastal highlinds-volcanmc complex (o the west, (s anci was i
r|_|1|1r:|| ||.||1 iy |||.'I|,' i |.||Iluh nits slowly accumulated, The '|.l|l|, |.|.r§| land woas
nol a deep basin, bul an area with gentle, sloping (opography that slowly
filled with sediments as the rivers dropped their gritty losds, The even,
reddish-orange slopes found in the southemn part of the canvon are sili-
stoncs, mudstones, and fine-grained sandstones deposited millions of years

Ao By These sIovw-mov iIne fvers
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Slightly vounger and immediately above the slopes are the reddish-
orange, cliff-forming Kaventa rocks. Al first glance, these cliffs appear
very different from the older slope-forming rocks immediately below them
and are difficull 1o distinguish from younger Navajo Sandstone cliffs ahove
them, More resistant to erosion than the slopes, the cliff-forming Kayenta
rocks construct steep walls through the lower part of the eanyon and almost
imperceptibly menge upward into the Navajo Sandstone,

Upon close examination, these mcks are very different tham those
they are sandwiched between, They were deposited in an environment that
vacillated between a slowly encroaching descrt and an extensive system of
braided and meandering streams. Drier climatic oycles caused ancient
rivers (o shrink, Deposition via rivers was exceeded by winds blowing
aheets (Dal-lving, thin veneers) and dunes (hummocky mounds) of sand
over the land. Eventually, rivers ceased flowing as waler became scance
and windy desen conditions prevailed.

Figure & Through ime, the
aarfi's confinents Aave changed
thair positions on the globe.
During Jurassic fime, Norh
Amgvica was sepavading  from
Fangea (ihe mama of an ancienf
fandmass hat consistad of mas!
of ihe plwnet's contingnts). The
arga ihal wa now call Uikah was
omly about 15" north of e
Squarer. This soulfiery DoSITon
wies probably a greal coninbitor
o the hol, dry conditions thal
prevaied as the Jurasso desar
advanced imo Litah

NAVAJO SANDSTONE
183 70 173 Muuion YEars Aco

ver hundreds of thousands and probably millions of yvears, the
climate changed. The lund, still surrounded by eroding highlands, began to
assumg the appearance of a wind-swept, sandy desert. Sands, most likely
eroded from sources as far nonh as Canada, blanketed an arca that stretched
south into parts of Wyoming, ldaho, Utah, Colorado, Artzona, and Mew
Mexico. This Sahara-like desert blasted and enveloped an extensive aren of
Worth America between 200 and 173 million years ago, This sand sea did
nol invade southwestern Utah however, until aboul 153 million years ago,



Figure 7. Rocks in upper part of Snow Camyon's Niayo Sanasfone ane wiife buf ihe
oider rocks i the formation have a reddish-crange color, Behwean thaese disfinetly colored

frust) rinavad called hivmalie. Yaliow colors ane caused by a different iron dodde mindrl
Wmonile, Except for the absance of inon axidy minenns. tha wiitfe rocks appess i have the
EATH COMpONTs as e oolord focks

Exacthy wity ron cand i presant m the lowar part of the formadion, buf absent i ihe
ooy pavt, (8 not resohved, One of several theonas, Rowsver, 15 Mal M color-producing
minarals came from th same souwrce a3 the dune sands. As fime progressed, the source
rocks oovidinued producing the sands, buf grew bavran of inon Mineraie. TS egmaraio
for tha older red rocks and poungor wiuls rocks is debansd 0y MOSe Wik ik LNr e
diepoaitod, all the rocks were rad, but wativs parcodated down hrougth the formation and
lnncied the ion from the lop portion and concentraled i s i lower porbons. Another
theory speculates thal the inon mines wene brought in by ion-rich walers thal circeriatod
fhough the rocks affer [hey wire deposifod

Aditiough thick layers of Novajo Sandstone are thought 1o extend
dingonally scross Utah from northeist to southwest, rock layers from
subsequent environments have buried much of it. Only where extensive
erosion and uplift has denuded younger rocks are we able 10 sec small
portions of this vast, ancienl desert (Zion National Park and Snow Canyon
State Park),

The majority of sedimentary rocks in Snow Canyon State Park are
Mavajo Sandstone. As the rocks of the Navajo get progressively younger,
their colars change and the eliffs and domes of “petrified” sand dunes range
from orange-red, to orange, (o yellow, (o cream, to white, A wide armay of
fabrics and textures enhance the appearance of the sandstone, Time,
erosion, and other forces have battered it into intensely broken and fractured
zones, molded it into smooth rounded hummocks, and elched patterns
resembling the skin of an alligator anto its surfaces.

Thin limestone lenses are sometimes found in Uiah's Navajo
Sandstone. They probably formed in ponds and lakes that infrequently
accumulated in the depressions between dunes. Modern desens also
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contain playas or desert lakes but they are thought to comprise less than one
percent of all desen surfsces,

Drark. blackish-red, wavy looking rocks with varying thicknesses
are nlso found in some areas of the park. Good examples of these can be
found on the nature trail located across the road from the campgrownd,
Several theories have attempted (o explain the onigin of these contoned
features, They have been described by some as petrified algal (water plants
or pond scum) deposits that grew in desent waters, Still others postulate that
the sediments were deformed or comoried before they were cemented into
rocks,

Figure 8. Betwaan 200 and 173
miffon years ago, an exiensive
dasert coversd parts of ldaho,
Wyoming, Utah, Anzona and New
norfwes and swel real Expanses
o sand dndio ihe wes-caniral Linded
States. Piled into dunes, and
avantualy cemeniad o rocks,
rernnands of ihis sand sea can now
b seon as “fronen” of “paibed™
sand dunas in the rock walls of
Snow Canyon Stale Park, Tha
cunid lings sean in fhe focks ane
callad cross beda. They formead whan anciend wings ifled grains off of one side of a pie
off sand and dropped them on the alhar side. Over time, several thin leyers of grains buidr
up fo form a cune, The horzonial ines o Bhe rocks reprasond sight ercsiona pariods and
changes in wing directions. Winds of Navaw Sandsione lima bisw A aandy desar over an
ocfenshen, thick sequance of secimants depostied by meandaving Mevs. Thesa rocks of
the Jurassic Kinenta Formabon ane S8 o he southen and of the park, These foo arg
cross bacded, buf ihe sire és much smaliar than e enormous Sels Soan in s view of
the Navajo Sandsions

There are numerous theories on how uncemenied deser sediments
can, through najural processes, become jumbled. A few of these include:
avalanching or Mowing sands on over-steepencd dune faces; growth,
shrinkage, and movement of salls in and sround desert lakes (probably
driven by changes in temperatures and availability of water); deformation of
sedimenis when gases (methane) escipe from buried organic like muds; and
sediment collapse coused by carthquakes,

Cince the winds stopped blowing over the sand-imbued Turssic
lamds, this arca experienced a period of erosion. No new rocks formed uniil
later in Jurassic time and they are only visible (o the north of the park (rocks
of the Temple Cap and Carmel Formations represent a dramatic change in
depositional styles from a sandy desen o shallow seas). More recen!
periods of eroshon have stripped these and younger rocks from the top of the
Mavajo Sandstone in the park. Now, as we look ai the castern wall of the
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cunyon, the suture between 173 million vear old Navajo Sandstone and
Outernary hasalts records an extensive penod of erosion that geologists

call an unconlarmiy

Figure 8. Hard, cark rocks o et Aol
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goultwosiam Liteh's Mimajo Sandsions i the intensity of its fractuning or breaking. Rocks
break or waakan for many reasons, Offon, howeregr, Ney broak in pakerms hat, when
sfudiend, can cddrmnnd Bhivr Ciusad. This Anoniade NEiDs Dec\OONEDs WTeVETand mong
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A BoaEL 3 mikhon years ago, alter erosion coupled with regional uplifi

i windly denoded the arca of overly 2 rocks, volcime eraption

spiiling scaldmg, pungent, blsck seas of basall onto the land. Fiery chan
nels of hot, molten rocks snaked their wav over the earth and down into
stream beds, valleys, and canyons; enveloping all that stood in their paths
Ihese rivers quickly handened into rocks, forming resistant, thick sheets ol
basalt that invaded wnd obstructed paths of fivers and streams. Secking
avenues of least resislanee, I|I-|I'IZI!_'L"- continged .t||rl'|_-_' I|||,'|' COMITSES Il!.
'l-h”[”:l:l! 1o the |.||!_'|,"i- ol the basalt flows (that mow |||!|_'|_| the earlier I_|‘|_||l\.||,\_-|.\||.
and slicing new routes through the sofier sedimentary rocks of the Navajo
sandstone

Erosion continued along the new channels uniil the water rouies
grew in size from stream beds, (o mvines, (o deep canvons. The sheets of
misiltie nocks that imitially filled bow areas, cooled into resistant masses and
eventually stood in IL']IlLl HEY |||.|_'|‘| |.'|_r!_"|_"~...||||| l"||.|||_'.||j'\-\. N volcame
cruptions occurred with lavas again invading flat lands, furmows, gullies

aned depressions, This second blanket of basalt covered an nres tixpagraphi-
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cally lower than the first. Three distinet phases of this INVERTEL TOPQ-
GRAPHY are evident in Snow Canyon Stote Park, The oldest layer forms the
1-.|,|_|._.|.|_| i the easi of State Highway 18 (the road from Si. Goorge 1o Vo). The
nexi forms the plateau on which the highway is built, and the third forms the
foor of Snow Canvon sl

Figura 12 Thae ongn of Mhdése Lk,
conforfod layers within e NavElo Senceions
5 @ hopee of speculaion

Figure 13 This scanic vwoaw and stk
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Mcwiveacl ity B oy ArBas: ard convenid! Siraarm
bads and channals. The hol masses cooled and formed
WEELNATING Existing sfroarns shifled o arsas adacent o e fows and carved maw
charneds Hhrouagh e soffer sadirmaritany oS Dheit [rmid, eGSR Scuipied stpap-walpgd
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Figure 14, Cinder cones are disive! ancvonms iound in M norh par of fie park, Thay
formad whon wolcanic maforals wors axploshaly orachad rom ODenings oF venls in the
sarth's crust. The unigue profile of the cones forms whan expelied fragments accumilais
around vend opanings and assume the angle of repese. Lange fragrirs are usualy faund
g e source of the vent wilh pavticles gotfing srmaier will incroased distmnce froem this
SOUEE

Sometime between 1,000 o 10,0680 vears ago (these rocks have
vel to be conclusively dated, bul geologists estimale their ages based on
their fresh appearances and well-preserved textures) the voungest series of
volcanic eruplions began emanating (rom volcanoes (cinder cones ) and
vents in the north section of the park, Following drainage channels etched
in soft sandstones along the sides of solidified volcanic Mows, the new,
scalding flows crept south onto the floor of Snow Canyon and nearby areas,
Today, these Nows line the canyon Mloor stretehing south to the Sania Clar
River. Numerous features and textures charscteristic of voleanic Mows are
well preserved in the park.

For example, visilors (o West Canvon can see maolionless black
cascades of basall, and arcas where the Nlows encircled mounds of Mavajo
Sandstone and cascaded down steep embankments onto the canyon floor,
Hikers will notice thal these black falls appear 1o have ended abruptly when
they touched the Noor of West Canvon. In truth, however, they extended
actoss the canyon and, in places, may have touched the walls on the
opposite side. Shifting desent sands and Mash-Mlood debris of more recent
times have obscured floor basalts in most arcas.

Alihough precise ages of the basalis have vet to be defined, they
are geologically young and erosional forces have nol had enough time 1o
severely alter them. Blsck, rough, ropy looking mounds and Mows of these
olivine (a mincral, also called peridot that, when found as higher guality
pocurrences, was historically used in jewelry) hasalis display many inleres:-
ing textures and features characteristic of these types of volcanic rocks.



Future Rock FORMATIONS

@ urs is & vibrunt planet, continuously transforming the configuration ol
its poeans, continenis, mountiams, and villevs, Climates and other

phenomena responsible for shaping the land moy change through time, but

forces of erosion and deposition are ongoing. Understanding these earth-
shaping processes is best attained through firsi-hand obscrvations and Tos
these, geologists turn (o their laboratory, the land

Since modern-day soils and sediments will eventually be cemented
imio futwre rock layers, examination of the movements and charactenstics ol
ioday s erosionnl and depositional materials helps us decipher evients thal
may have occurred in the past 1o form the ennh’s geologic formations. For
example, on a very small scale, wind and water compete today, os they did



Figure 18 Mimicking
Navaio limes. modarn
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during Kayenta and Navajo times, to etch the modem panorama of Snow
Canyon. Wel seasons bring streams that explode through the canyon
scouning, carrying, and dropping their sediment loads along their paths. Dry
seasons bring winds that lift and blow small, light sands and silis and re-
deposil their air-bom loads in dunes and sheet sands ofien coy Erfng stream
beds that once spouted witer

The study of geologic events that began about 1.8 million vears
ago and stretch into the present is called Quaternary geology. Sediments
deposited by these gealogically recent environments have nol cemented
together sufficiently to harden into rocks, [nstead, they form loose, uncon-
solidated soils, sands, clays, muds, and dusts. Over time, these too will
either be eroded and iransported elsewhere or buried by ongoing deposition
Adter burial, the Quaternary sediments and soils may ev entually b ce-
mented and hardened, forming rocks.

Figure 17, The procasses ihal craabed i erfed opography are active and wsiblp foday
Yoar after VEAr, i ang maid wialavs ;_Iq-\.'_'_'l'y COMNES ,:_l[:.r.g e i o S r_‘_‘_-l,-l:r_ur:r
basalf fiows. This seamingly innocuous activily siowly chisels apainst the soff sedimentary

noces adaced ko he fows and forms s and diiches Although a smal ravine Somoday
['Ws My eVo0e inld 8 wide, scanic camyon ke Snow Canyon.
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W also strive 1o understand Quaternary events in order to elimi-
nate oF minimize potential problems that may result from natural disasters.
Visitors should be aware of unstable slopes and arcas that are susceplible to
rock falls and flash floods. Intense spring, summer, and autumn rainfalls
result in rapidly moving, decp waters that violently course their way
through the canyon. Sudden torrents of water are most destructive in the
fragile environment of the desert. They can trigger extensive erosion of the
canyon walls, movement of unstable sections of talus and loose rocks, and
muudfows.

EnpinG

The geological activitics described above have not stopped, but
continue carving new dramatic vistas, Observing and understanding
modern depositional and erosional processes helps unlock our planet’s past
and furnishes us with respect for the fragile nature of our environment.
Geological knowledge allows us 1o see 50 much more than the scenery,
vegetation, wildlife, skies, and colors. 1t is our ticket into the carth’s past,
and an avenoe for our imaginations to travel into the future.

As 3 visitor 1o Utah's state lands, it is imporiant 1o be a responsible
user and be aware of and prepared for potential natural hazards. Be
ohservant and you will see so much more.

#

Numerous publications were employed in preparing this brochure.
A limited list is supplicd below for readers interested in
pursuing further research.
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